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HIGHLIGHTS

OF

1970

Archaeology continues to be on the forefront of research at Flint
Ridge. The continued support of the National Geographic Society has
permitted Dr. Patty Jo Watson and her collaborators to conduct additional digs in the Salts Cave Vestibule and to.make additional analyses
of the prehistoric materials from Salts Cave.
The discovery of Lee Cave last year has triggered a new mode of
cave description and reporting. The Foundation is conducting a series
of cartographical,general geological, and biological reconnaissances
which will be reported as individual descriptive papers on significant
caves or portions of caves. One of these concerns Lee Cave itself, a
second described Timpanogoes Cave, Timpanogoes Cave National Monument,
in the Wasatch Mountains of Utah. The third, at the reQuest of the
National Park Service, describes the portion of Mammoth Cave known
since 1939 as "New Discovery". These descriptive efforts will provide
the caving community with fairly detailed descriptions of particularly
significant caves and will provide the National Park Service with
valuable resource documents for interpretation and management.
The Cave Research Foundation fellowship for 1969 went to Mr. John
W. Hess, Department of Geology, The Pennsylvania State University, to
support his PhD dissertation on the hydrology of the Central Kentucky
Karst.
Several special seminars concerning the hydrology of the Central
Kentucky Karst occurred in 1970. In May a workshop and field trip on
carbonate terrain hydrology was held at the Pennsylvania State University for the benefit of the IHD Working Group on Carbonate Terrains.
Research reported included Mr. Wolfe's work on cave sediments in the
Appalachian Mountains of West Virginia. An informal seminar on the
hydrology of the Central Kentucky Karst was held on Flint Ridge in
August. Those attending included most CRF workers active in hydrology,
and representatives of the National Park Service, the U.S. Geological
Survey, Louisville Office, and the University of Kentucky.
A distinguished visitor to Flint Ridge was Mr. Atilla Kosa, the
Secretary of the Hungarian Speleological Society.
Dr. Thomas L. Poulson gave an invited popular lecture before the
National Parks Association at the Smithsonian Institution Auditorium
in Washincton DC. He spoke to a capacity audience on the subject,
"Caves: the Hidden Frontier."
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THE

SCIENTIFIC

PROGRAMS

THE CARTOGRAPHIC PROGRAM
D.P. Burns, J.P. Freeman, J. Wilcox
The cartographic program was active in the three major cavebearing. ridges in Mammoth Cave National Park during the past year.
In Flint Ridge there were numerous connections between previously
surveyed passages and several important finds were made. In Mammoth Cave Ridge the highlight was the survey in the New Discovery
Section. Much new passage was found and several important areas
were rediscovered, apparently known to earlier explorers who have
since left the area. In Joppa Ridge, Lee Cave was greatly lengthened by the penetration of a low side passage that led to a
complex of passages.
Flint Ridge: The Flint Ridge Cave System is the longest surveyed cave in the world with a length of 84.12 miles as of October 1,
1970. A reexamination of all the surveys comprising the Flint Ridge
System was made to ensure there were no overlaps or duplicate surveys. When the lengths of the remaining surveys were compiled the
figure was greater than the figure previously reported. During the
eleven-month period from November 1, 1969, to October 1, 1970 newly
surveyed passages in Flint Ridge totaled 3.93 miles. Resurvey
totaled 1.31 miles.
Areas important in Flint Ridge during the past year include
the following:
A.

Miller Trail (Left of the Trap)
Three parties made the strenuous trip Left of the Trap and
resulted in more than 3400 feet of survey.

B.

Hosken Trail
Hosken Trail yielded several thousand feet of survey and two
important connections. One connection, at high level, was
to Penk Trail and the other was a low-level connection to
the north end of Lower Lower Gravel. The link to Lower Lower
Gravel indicates a drainage divide under Floating Mill Hollow.
Water from the upper reaches of the Hollow drains through the
lowest level of Hosken Trail then to Lower Lower Gravel and
north, presumably to Pike Spring. Water from the southwestern
portion of Floating Mill Hollow flows south and west along the
Blue Tube and the Northwest passage to the Green River near
Taylor Coates Hollow. Lower Lower Gravel is now known to
drain Candelight River, Bretz River, and Hosken Trail.

3

C.

Rope-Pit Drain
This passage can be reached via Turner Avenue and Rope Pit or
by the way of Candelight River. Rope Pit is situated under
the center of Eaton Valley and the drain passage extends west
down the axis of Eaton Valley. Surface contours above the
passage drop as low as 520 feet.

D.

Eller Alley
Eller Alley is the name used for a passage going due north
off Finch Avenue for more than 1900 feet. Eller Alley leads
to another passage that has a side passage five feet high by
seven feet wide and more than 800 feet long. Both passages
remain unsurveyed and the 5 by 7 passage was partially filled
with greenish mud and organic material in March 1970. High
leads and much air flow out of several pits promise more cave.
The entranceway to Eller Alley has been completely flooded
for the past six months.

E.

Salts-Unknown Link
Several trips were made to the Link to find a way into the
northern part of Eller Alley. The connection has not yet been
made but passages totaling about 1000 feet were surveyed. Leads
remain.
\

F.

Ehman Trail
Several passages in the Ehman Trail area of Colossal were surveyed and new leads were found and remain to be examined.

G.

Salts Cave
More than one mile of passages were surveyed in Salts, mostly on
an intermediate level between Indian Avenue and Upper Salts.

Mammoth Cave Ridge: Surveys were continued in the western half
of Mammoth Cave including Stevenson Way, Burley's Way, the Dragon Pit
area, Sillimans Avenue and Serpent Hall. Numerous passages remain
to be surveyed in these areas. Surveys were begun in the New Discovery
area and have yielded many virgin leads and the rediscovery of some
passages known to the early explorers in New Discovery but apparently
unknown

in recent years.

Joppa Ridge: Proctor Cave yielded 3264 feet of passage to double
its known length.
Proctor Cave is now 1.19 miles long. Lee Cave
yielded 7183 feet of survey to increase its length to 3.58 miles.
Cooperative Study: A cooperative study was launched with the
Department of Geodetic Science of The Ohio State University, to provide
the accurate location of cave entrances in the Park. The study consists
of an aerial survey with a simultaneous adjustment of the survey net to
provide entrance locations within plus or minus two feet. The computer
programs have been developed and a preliminary flight was made in
February.
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Paleohydrology of Mammoth Cave and the Flint Ridge Cave System
George H. Deike III

Field work on this project was carried out in July and early
August at Mammoth Cave National Park, Kentucky. The primary goal
was to collect data on the size and shape of cavern passages for
comparison to the geometry of surface streams where such data have
greatly added to understanding of river hydrology.
Preliminary studies suggest that the width of the cave channel
is more diagnostic of hydrologic parameters than is the height. It
is also easier to measure accurately. The procedure was to measure,
with survey tape, the width (and height, for further study) at measured 100-foot intervals. Data were collected as shown in Table I.
TABLE I
Cave or Passage

No. of 100' Stations

Characteristics

Great Onyx Cave

51

Passage forks,
not at grade

Cleaveland Ave.

50

A main trunk in
Mammoth Cave

Four branches of
Cleaveland Ave.

58

Tributaries at
gate

Marion Ave. and
two branches

50

The major tributary to Cleaveland
Ave. at grade

Colossal Cave,
Grand Ave.

54

Complex trunk, may
correlate with
other passages

Long Cave

29

Tubular trunk with
tributary at grade

Turner Ave.

104

Very long complex
trunk, few tribut.

Mather Ave.

72

Total

468

Trunk related to
Turner Ave. , may
correlate with
Colossal Cave
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To supplement the measurements, about 130 careful cross-sections
were drawn.
Also, 120 photographs were taken, lighted so that detailed
cross-sections to scale could be prepared from them, and further measurements made.
Ultimately every part of the 130 miles of known cavern passage
should be examined to make historical reconstructions
of the underground drainage.
This is beyond the scope of the present project, however, and only certain areas having known or suspected relationships to
the areas where data were collected on this and previous trips were
investigated.
These investigations include sketching passage relationships and shapes, determining elevations,
measuring flow direction and
velocity indicators, and attempting on-che-spot reconstructions
of the
ancient drainage.
Such hydrologic and geologic reconnaissance was
made in eleven areas of the cave systems.

Hydrology

of the Central Kentucky

Karst

J.W. Hess
The ground work for the thesis research on the hydrologic balance
of the Central Kentucky Karst was laid during the 1970 field season.
The inputs on the Sinkhole Plain, and the output springs along the Green
River were investigated.
This work, along with planned tracing of the
sinking streams on the Sinkhole Plain to their outputs along the Green
River, will be used to define the final area of study.
The sinking streams on the Sinkhole Plain and their drainage basins
were field-checked and investigated for cover, ponor location, and
drainage divide location.
The landowners were questioned concerning
frequency

and magnitude

of flooding

the Sinkhole Plain with active
together the drainage system.

of the streams.

streams

Maps

of caves

are being collected

on

to help piece

A temperature survey of the Green River was made from Munfordville
to Brownsville to locate new springs.
A thermistor was towed along side
a canoe and the river temperature was noted for cool spots. Several
new large springs and many small springs and seeps were located (Fig. 1).
An underground meander cutoff was located on Mansfield Bend along with
evidence for a paleocutoff on the same bend.
Pike Spring was dove to measure its cross-sectional
locate a point to place a flow velocity meter.
Turnhole
to look for the spring opening with no luck.

area and to
Spring was dove

Owl Cave, a possible gauging point for Turnhole Spring, was mapped
in cross-section and investigated for possible location of the gauge.
A
possible under-water point was located which will have to be checked.
Garvin Spring Cave and Blow Hole Cave surveys were started.
These
two caves possibly connect and are the possible resurgence for the water
from Hidden River Cave. These caves are also of interest because they
represent the only place we can see what is happening at the down-stream
end of the cave system.
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TABLE II
MAJOR SPRINGS OF THE CENTRAL KENTUCKY KARST

MAP
CODE

SUMMER
FLOWI

NAME

OTHER

A

Houchins Ferry Spring

1.8 cfs

B

Turnhole Spring

20 cfs

C

Echo River Spring

5 cfs

D

Styx River Spring

1.5 cfs

E

Pike Spring

6 cfs

30' wide x 5' high passage
25' under water

F

Mile 205.7 Spring

1 cfs

Small rise pool

G

Blue Spring (south)

5 cfs

Large rise pool

H

Garvin Spring

3 cfs

1100 feet of passage back
to siphon

I

Blow Hole Cave and
Spring

none

Several thousand feet of
passage, may connect to
Garvin

J

Gorn Mill Spring

60 cfs

Large rise pool

K

Blue Spring (north)

20 cfs

On north side of river
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July and August 1970

Vertical Shaft Research
Roger W. Brucker, John W. Hess and W.B. White
Vertical shafts are roughly cylindrical voids in carbonate rocks.
They range in diameter from inches to tens of feet and in height from
inches to hundreds of feet. They are produced by vertically descending
ground water from perched ground water reservoirs. These features are
common throughout the Interior Lowlands and the Appalachian Plateaus
Provinces. Vertical shafts drain to the base level and are enlarged
radially and axially by thin sheets of flowing water. Vertical shafts
form the headwater termini of complex drainage networks and play a key
role in the vertical movement of water. They carry a large sediment
load and indeed most of the mass wasting of the nonsoluble rocks above
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where a major sink receives all runoff; (c) quartz pebbles from marker
beds in caves flanking the trunk valley flood plain; (d) quartz pebbles
from within the present subterranean trunk conduit and at higher levels
in the cave; (e) ejects from the present rising along Spring Creek;
(f) quartz pebbles from along a presumed high-level ancient surface runoff channel for a distance of twelve miles.
Preliminary results from laboratory tests in progress show a decrease
in size and show an increase in sphericity and roundness of quartz pebble
samples in a downstream direction along the ancient runoff channel, in
the caves and along the present surface trunk stream. Structural characteristics in the cave fills show an invasion of quartz pebble deposition. This is probably due to flooding sequences.
An example of a once-in-one-hundred-or-more-years flood occurred
while field work was in progress. This provided a rare opportunity for
study of sedimentation under such conditions. Cave sediment traps which
had during the previous year showed only silt and clay deposition were
completely filled in with pebbles and small boulders. Other spectacular
examples of cutting and filling by flood action attest to the author's
opinion that such infrequent floods are more significant in the removal,
deposition, and reworking of surface and subsurface clastic fills.
During 1970 X-ray diffraction of clay minerals from over 100 sites
was completed. All field work in connection with sample collection and
field mapping was completed. Statistical analysis of the data collected
over the last three years is now in progress.
Cave Sediments in the Near East
Paul Goldberg
Research on the relation of cave sediments to Pleistocene history
and climate in Israel is nearing completion. Field work during 1970
consisted of surface observations and interpretation of the geomorphology
of the area. Grain size and heavy mineral analyses of the Tabun Cave
material are underway.

Sulfate Minerals in Central Kentucky Caves
W.B. White
The Flint Ridge Cave System has long been known to contain a suite
of sulfate minerals consisting of gypsum, mirabilite, and an unnamed
double salt 2Na2S04'CaS04.2H20. These minerals occur in greatest abundance in Turner Avenue, particularly in the area of Benington Grotto and
White Way, although gypsum and mirabilite are found in many dry parts
of the cave. Considerable field work and some laboratory analyses were
performed in the early 1960's.
The sulfate mineral suite in Lee Cave is greatly, and surprisingly,
different from that in the Flint Ridge Cave System. Gypsum is common
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but the second most abundant mineral is epsomite, MgS04'7H20. The sulfate minerals occur as loose material in cracks and fractures in the
ceiling and as crusts on upward-facing surfaces on the floor (where they
have sifted down from the ceiling). Well developed crystalline forms
such as the gypsum flower shapes are very rare. Within these sulfate
crusts are at least two and possibly more unidentified minerals. Analyses to date have shown that they are sulfates only and not carbonates
or nitrates. The X-ray powder diffraction patterns do not agree with
any in the standard reference files. They may be minerals for which
inadeQuate descriptions exist in the literature or they may be completely
new minerals (as was the labile double salt described above).
Mammoth Cave contains in addition to Quite extensive gypsum displays
also some mirabilite. Mirabilite occurs as thin feathery crystals growing from ceilings or from soils near Tribble's Trouble in the Main Cave
and has been observed to sprout from the soil of Cleaveland Avenue during
the damp months of late Winter and early Spring.
New Discovery, which lies under Jim Lee Ridge between Mammoth Cave
Ridge and Joppa Ridge, seems to contain little in the way of unusual
sulfate minerals. The exotic mineral display at Paradise is mainly gypsum as are the mineral occurrences so far examined that crop out here
and there along Big Avenue.
Analyses
occurs in the
magnesium and
The source of

of rock fragments from Lee Cave shows that some dolomite
ceiling beds. This provides a convenient source for the
a possible explanation for the occurrence of epsomite.
sodium for the mirabilite is not known.
PROGRAM IN KARST GEOMORPHOLOGY

Geology and Interpretation of Crystal Cave
Arthur N. Palmer
In an effort to make the results of the CRF leveling program more
meaningful, a study was undertaken in Floyd Collins' Crystal Cave in
August, 1970, in which details of the geological setting are being tied
in with a systematic hand-level survey of the major passages in the cave.
Although an analysis of the resulting data has only begun, it appears
that the survey will aid in interpreting the genesis of the cave and the
geologic factors that have influenced its pattern. A major end product
will be a geologic map of the cave.
The following information is being obtained, from the present survey:
1. Elevations for passage floors and ceilings in sufficient numbers
that continuous profiles or cross-sections can be drawn showing passage
gradients and vertical relationships of passages.
2.

Elevations for key survey stations in the cave.

3. Geologic structure; attitude of bedding planes and lithologic
boundaries in the limestone and its effect on passage pattern.
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4. Detailed stratigraphic
units on passage character.

section;

5. Hydrographic notes--pattern
past flow as indicated by scallops.

6.
7.
thems.
8.

Interpretation
Character,

Nature

and nature

of the history

location,

of passage

effect of different

of present

of passage

flow, and of

development.

and extent of cave sediments

intersections

lithologic

and speleo-

and terminations.

9. Evaluation of geologic features controlling initial passage
development: bedding planes, joints, etc.; concordance vs discordance
of passages to geologic structure.
Partial

interpretation

of the survey notes from the August

has begun with the construction

of a stratigraphic

column

trip

for the parts

of the cave studied between Scotchman's Trap and Mud Avenue (Ste. Genevieve and Girken Limestones) as shown in figure 3. The arbitrary rock
units shown in the section were determined by lithologic characteristics
and their control of passage development, rather than by biostratigraphic
means, and no attempt has been made as yet to apply the accepted stratigraphic nomenclature to the units.
Popular terminology has been used
in the lithologic descriptions so that the units can be easily recognized by persons not having a professional training in geology.
In spite of a considerable amount of lateral variation in lithology
and thickness, most of the units described in the section can readily be
traced throughout the parts of the cave that have been studied.
Perhaps
the most prominent geologic horizon is the "D/E" contact, which appears
in the cave as a sharp indentation in the cave walls generally several
feet deep.
Structural profiles through the cave indicate a consistent dip of
to 72 feet/mile to the northwest, about twice the value for the
regional dip, but compatible with the dips throughout much of Flint
Ridge that are shown on the USGS geologic map of the Mammoth Cave Quadrangle.
The prominent anticlinal or domal structure shown on the geologic map at Floyd Collins' Crystal Cave at the base of the Big Clifty
Formation apparently has no expression in the underlying cave-bearing

69

limestones.

Surveys with a properly calibrated hand level are accurate enough
to detect minor structural irregularities superimposed on the regional
dip. The single completed loop during the August survey contained an
error of 0.05 foot in a traverse of 890 feet, which extrapolates to one
foot in 17,000.
Other surveys conducted during the summer indicate a
consistent

error well within

a foot per mile,

even under

severe

cave

conditions.
Because of the rambling nature of the Flint Ridge System,
it should be possible to obtain a detailed structural map of the ridge
based on information from several different limestone horizons.
The
application to the analysis of passage orientation in the cave is
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dark gray,

Limestone,

very fine grained,

Limestone,

granular

weathers

gray with granular
texturej
massivej
combeddingj
route from Jump -Off
to Mud Ave.

dark gray-brownj

medium gray, weathers

and cross bedded to finely

with smooth
lenses of
Jump-Off.

brown;

crystalline;

medium
abundant
Mud

beddedj

calcareous

route

from

Jump-

worm tubes; Mud Ave.

Ave.

Limestone, fine grained; medium gray, weathers samej thin to medium bedded i medium gray shaly
limestone at top, less than one foot thick i discanformity
at base with as much as three feet
of local relief, overlain
by thin shalej
Mud Ave.
Limestone}

fine grained;

Limestone,

shaly,

gray,

medium gray,
medium

bedded;

weathers

samej

massive;

Mud

Ave.

Mud Ave,
A.N. Palmer

Sent. 1970
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apparent, as the passages surveyed to date show a strong concordance to
the structure and exhibit a present or past flow direction down various
components of the dip.
The leveling/geology survey will be conducted throughout the
remaining major passages of Floyd Collins' Crystal Cave during the summer of 1971, and the feasibility of extending the survey throughout the
Flint Ridge System and neighboring cave systems will be evaluated.

Description and Interpretation of Lee Cave
J.P. Freeman, T.L. Poulson, G.L. Smith, P.J. Watson, and W.B. White
Lee Cave is located in the northwestern edge of Joppa Ridge in Mammoth Cave National Park. Entrance through a shaft and canyon complex
leads into a large trunk passage at the Western terminal breakdown. The
trunk, evidence that a major cave system does exist under Joppa Ridge,
extends 7000 feet with cross-sections up to 50 x 100 feet to an eastern
terminal breakdown. Below the main trunk is a complex of smaller tubes,
canyons, and vertical shafts.
The trunk contains a thick clastic sediment seQuence which facies
from cobbles in the west to fine silts and clays in the east.* Breakdown
activated by sulfate replacement and crystal wedging is common. Gypsum
and epsomite occur as clumps of curved crystals and other sulfates occur
as thick crusts drifted onto up-facing sediment and breakdown surfaces.
Cave life is sparse: there is a small bat colony and much evidence of
cave rats, although no live rats have been observed. Smaller animals,
except for crickets, have not been observed.
Pre-Columbian Indians entered the cave, probably through an entrance
now closed, in the eastern breakdown. Fragments of cane-torch material
are scattered along much of the main trunk passage. Two stone cairns of
unknown

purpose

occur.

There

is, however,

no evidence

of the mining

ac-

tivity common to Mammoth and Salts Caves. Lee Cave was named for T.E.
Lee, pioneering cave explorer of southcentral Kentucky, who descended
the entrance pit in 1876.

Description and Interpretation of New Discovery
D.P. Burns, T.L. Poulson and W.B. White
New Discovery is an isolated segment of Mammoth Cave that occurs
under the southern spur of Mammoth Cave Ridge known as Jim Lee Ridge.
It is, for most practical purposes, a separate cave. The connection with
the rest of mammoth is through small passages near the base level. The
objective of the present study is to provide background reconnaissance
geology and biology of the cave. In addition to the survey and leveling
program by the cartographers, field work on the geology and mineralogy
of the cave has been carried out.
*Fig. 4

Fig.

4.

Banks of massive
jointing
Lee Cave.

red silt with columnar

in the main trunk passage
Small piles of sulfate

have drifted

onto all upward-facing

of
minerals
ledges.
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The New Discovery main trunk is Big Avenue, a passage of comparable size to the largest trunks in Flint Ridge or Mammoth Cave, which
heads in a terminal breakdown at drill hole and extends more than a
mile into a complex of passages near Green River.
The main portions
of the trunk are completely dry but the downstream terminus is in the
floodwater zone. The up-stream tributaries of Big Avenue are apparently extensions of known passages of Mammoth Cave; the Rimstone Dam
Passage appears to be the continuation of Cleaveland Avenue beyond the
Carmichael Entrance collapse sink. The New Discovery entrance passage, Fossil Avenue, is apparently related to the Fairy Grotto passage
in the historic section of Mammoth Cave.
Fossil Avenue is of interest because of the change in passage morphology from the entrance to the Big Avenue confluence.
The entrance
section has the shape of a rectangular canyon 6 feet wide and high.
Farther downstream the passage becomes an elliptical tube 25 feet wide
and 10 to 15 feet high. Most conduits in the Central Kentucky Karst
maintain their cross-sectional area over long distances so that this
behavior of Fossil Avenue is unusual.
Likewise there is some evidence
for a reversal in flow direction which is being further investigated.
Sedimentation processes have also been complex.
At the mouth of
Fossil Avenue is a bar of sandstone pebbles and cobbles.
Coarse clastic debris is strewn over the breakdown blocks farther down Big Avenue
and small remnants of the cobble armor from a stream channel remain
some feet up on the wall of the passage.
It is apparent that a major
high velocity stream used Big Avenue for a period in its early history.
High-lying sediments in the side loops off Big Avenue contain a thick
red silt sediment.
Large selenite crystals occur at depth in this
material, the first such found in the cave systems.
Mineralization
in New Discovery consists of a few dripstone deposits near the upper end of Fossil Avenue, in Onyx Avenue, and a few
places along Fossil Avenue; the big rims tone dam and associated deposits;
and some gypsum crystals at various places.
The gypsum flower display
in Paradise Canyon is one of the most profuse known in the cave systems.

Description

and Interpretation

of Timpanogoes

Cave

W.B. White and J.J. VanGundy
Timpanogoes Cave is the central feature of Timpanogoes Cave National Monument.
The cave is located at an elevation of 6700 feet on the
wall of American Fork Canyon in the Wasatch Mountains of Utah.
Surface
karst and underground features were studied during late June, 1970. The
cave was mapped and a general geological and biological reconnaissance
performed.
The cave is in the Mississippian Deseret limestone, a limestone sandwiched between mainly dolomitic carbonates.
The structural setting is
exceedingly complex.
American Fork Canyon lies close to the intersection
of the main Wasatch fault system and the perpendicular Uinta fault and
fold system.
Rocks at the cave dip about 20° but are block-faulted

on a small scale. The cave passages apparently formed along faults and
some open fractures and fractured flowstone indicate that some of these
are still in motion.
The cave consists of mainly high narrow passages in a minor network
arrangement. None of the usual indicators of high-velocity flow are
present. The walls are intricately sculptured; wall and ceiling pockets
are common. Clastic sediments are uncommon and where exposed are composed of sand and yellow silt.
The cave contains a spectacular carbonate mineralization. The
usual dripstone deposits here give way to complex helictites and other
erratic forms. Aragonite is common in all areas as needles and anthroditic forms. Moonmilk occurs sparsely as tufts of material on the tips
of dripstone deposits. Samples analyzed so far are composed of hydromagnesite--a surprise, for at this altitude and climate calcite moonmilk
would have been expected. Many of the dripstone deposits are colored.
A deep yellow is common and a blue-green occurs. These are intrinsic
colors of the carbonate minerals and not stains. Reflectance spectra
of these materials are those expected from transition metal ions. Chemical analyses are now underway to identify the elements responsible.
The fauna of the cave are extremely sparse. Other than a few bats,
The pools in the cave appear to be barren of
aquatic animals.

no animals were seen.

The landforms of the Wasatch Mountains provide interesting examples
of alpine karst. At high altitudes on Mount Timpanogoes, rinnenkarren
and pinnacle karren are forming under snow melt conditions on the Bridal
Veil Falls limestone. The Deseret limestone supports a pinnacle karst
with a relief of tens of feet along the canyon walls. There is some
evidence

that this more

extreme

relief

karst

is a relic

from Pleistocene

climatic conditions and that it is being destroyed by present day weathering conditions.
PROGRAM IN ECOLOGY
Terrestrial Cave Organisms
T.L. Poulson
A detailed leveling survey from River Hall to Lake Lethe in Mammoth
Cave showed that the distribution of kinds and numbers of animals previously measured corresponds closely to the distance from mean high flood
mark. At mean high flood mark the number of species and their evenness
of distribution are maximum. Above and below this point rigor and variability of the environment decrease and predictability decreases. Above
the me~ high flood mark desiccation and food supply are problems, whereas below the mark, flooding is the major problem.
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New studies in White Cave (entrance to dark zone gradient) and in
New Discovery are providing further tests of the hypothesis that environmental rigor, stability, and predictability are important determinants of
community structure.

AQuatic

Cave Communities

T.L. Poulson
The aQuatic ecologic data for six cave stream passages,
over the last 10 years, is being written up for publication.

Paleolimnologic

Studies

of the Yucatan

collected

Peninsula

Alan P. Covich
Fossil shells are extracted from cores of sediments and compared
among three lakes over several thousand years.
Although there are only
five or six aQuatic species, their distributions of relative and absolute
numbers remain stable for nearly 8,000 years at two of the lakes (X-caamal
and Chichancanab) despite major lake-level fluctuations and changes in
nutrient conditions.
At a third lake (Peten Itza) there is an increase
in the number of species following five periods of intensive deforestation
by early Mayan agriculturalists.
Simultaneously,
Cochliopina infundibulum
has markedly declined in abundance at Peten Itza which parallels a similar
decline in this species some 28,000 years ago at Chichancanab.
It is not
clear if this change in community composition resulted from cumulative
environmental changes or from interspecific competition or predation.
A eustatic sea-level rise following deglaciation in high latitude
regions raised the ground-water table in the peninsula and rapidly filled
the basins at X-caamal and Chichancanab.
A period of deep water is followed by a second period of shallow water during the last 8,000 years.
The early and late shallow-water phases are characterized by increased
evaporation (determined by 018 analyses of shell carbonate) and by increased concentration of exchangeable calcium, organic matter, and sedimentary laminae.
Absolute abundances of snails, particularly Pyrgophorus
coronatus, also increase in the cores during periods of shallow water.
It is concluded that these few species of mollusks are remarkably
stable in their association despite major environmental changes.
It is
suggested that communities generally of low species diversity and high
stability can be characterized by a high degree of genetic plasticity and
and polymorphism, as well as by broad physiological adaptations.
They
are ecologically unspecialized except for their capacity to utilize a
wide variety of food resources and water conditions .. Selective predation
may also act to maintain community stability by regulating relative and
absolute numbers of mollusks.
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PROGRAM IN ARCHAEOLOGY
Salts Cave Excavation
Patty Jo Watson
The objective here was to locate intact prehistoric occupational
debris, and in this we have been successful. The excavations in the
Salts Cave Vestibule (Fig. 5) began as a 1.5 m x 3 m trench against the
north wall (Test C) which was later expanded (Tests E, G, H, and J).
Here we found at least two horizons of midden debris at depths of ca
50-60 em and 1 m below the surface. This debris contains animal and
human bone, charcoal, occasional chert flakes and projectile points,
worked bone, a few ground stone objects (celts and pestles). The human
skeletal fragments are being studied by two physical anthropologists
(Louise Robbins, University of Kentucky, and Stephen Molnar, Washington
University), and the animal bone by an environmental archeologist
(Lathel Duffield, University of Kentucky). Mussel is being identified
by a specialist in naiad ecology (David Stansbery, Ohio State Historical
Museum, Columbus, Ohio).
Five radiocarbon determinations on charcoal from the Test E excavations have been obtained by the Gakushuin Radiocarbon Laboratory, Gakushuin University, Tokyo, Japan.
Summaries of the first and last test trenches follow.
Test C
Excavation in the Vestibule began April 8, 1969, when a 1.5 m x 3 m
trench was laid out against the north wall. The trench was designated
Test C (Tests A and B were two trenches dug in the cave interior in 1963).
Test C was excavated in 10-15 centimeter levels to a total depth of ca
2.15 meters. Though bone and charcoal were present throughout the upper
1.5 meters, study of the section resulted in the conclusion that at least
2 layers of actual occupation debris were present: one at ca 50-60 centimeters below the surface and the other ca 1.0-1.2 meters below the surface). Below the second occupation horizon were a series of sand, clay,
and rubble layers which were sterile of cultural debris as far down as
ca 2.15 meters where excavation in Test C was stopped. Our tentative
conclusion is that the 1.0 meter occupation horizon represents the earliest habitation in the Vestibule.
Test J
This is a 2 x 2 meter square dug April 4 to April 11, 1970, ca .5 m
west of Test C. It was excavated stratigraphically to a maximum depth
of ca 1.25 m. The nature of the deposition was a combination of that in
the Test F pit and that in the Test C-Test E area. The first stratigraphic
unit was the same as that of Tests C and E, but below that in the western
half of the square the fill resembled that in Test F and excavation there
ceased at a depth of about 60 cm because of an excess of breakdown rock
filling that part of the square. In the damper eastern half of the square
the fill and general sequence of deposition was more like that in C and E.

Fig. 5.

Archaeological
Cave Vestibule.

excavations

in progress

Photo by W.T. Austin.

in the Salts
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Several artifacts (2 celts, a bell-shaped pestle, a bone needle, a
few pieces of chert including a complete projectile point) and a quantity
of animal bone (including fish bone and fish scales) were found in this
square as well as some fragments of human bones and teeth. All of the
excavated dirt below the uppermost stratigraphic unit from a 1 m x 1 m
square (J IV) in the southeast corner of the square was saved, carried
out of the cave, and floated in order to recover charred plant remains.

Search for Surface Habitation Sites
Patty Jo Watson
Intensive survey of the surface in the immediate vicinity of Salts
Sink began on April 5, 1969, and continued until April 11, 1969. Our
purpose was to determine whether there were an open-air occupation site
near the Sink which might be attributed to the prehistoric people who
had utilized the cave.
Four transects were laid out radiating north, south, east, and west
from the Sink. Each transect was 1 meter wide and 40 to 60 meters long.
The surface of the ground was laid bare in each of these strips by clearing away the leaves and sticks with rakes, hoes, and small-bladed shovels.
Only the west transect contained any chipped stone. Further examination of the surface on the west side of the Sink revealed a considerable
scatter of chipped stone there, so a rough grid was laid out on the west
slope and the entire area was cleared of leaves and sticks. After the
initial survey which indicated the presence of chipped stone in this area,
we kept all items found in separate bags for each grid unit, which we
later tabulated according to these units. However, test pits (numbers
IV A, B, C and V and VI) failed to locate any sign of occupation debris
even in the areas of densest surface scatter. One possible explanation
is that this area around the Sink was never intensively occupied but was
only visited or camped on by small, transient groups of late ArchaicEarly Woodland people. Another possible explanation of the situation we
found (which could be combined with the first one offered) may be that
recent cultivation (up to ca 1935) and consequent increased erosion of
the western slope into the Sink has destroyed any archeological deposits
once present.

In the southeastern and northeastern quadrants, strips 20 m long and
1 m wide were cleared every 10 m but only a few chert chips were found in
these areas.
An intensive survey of both banks of the Green River (which is about
1 1/4 miles north of Salts Sink between Denison's Ferry and Three Sisters'
Island'(a total distance of about 1 mile) revealed only one possible site,
again a surface scatter of chipped stone. We found all the low land near
the river to be thickly covered with recent silts and flood sediments,
hence any prehistoric sites present must be deeply buried.
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Examination

of the Salts Cave Mummy

Louise M. Robbins
The body of "Little Al" has been subjected to a metrical and morphological analysis to ascertain its resemblance to other prehistoric populations of the area and to age and sex the individual as precisely as
possible.
This techniQue proved to be of limited value because the body
is in a fully flexed position, knees drawn toward the chest and arms bent
at the elbow with hand near the mouth, with flesh missing only from the
left side. Some of the bones of the left side were disarticulated
and
provided some information, though epiphysial fusion was lacking.
Few
observations could be made of the dentition because of the rigid flesh
covering the face, but arrangements were made with the X-ray Department
at the University of Kentucky Medical Center to X-ray the individual in
the hopes of obtaining more information on dentition and age. The deciduous and permanent dentition is readily apparent in the X-rays, with
the 6-year permanent molar and 7 and 8 year permanent incisors being
fully occluded, but the deciduous, or milk, teeth on the occlusal plane
for the canine and premolar teeth (the permanent canine appears about 11
years of age and the first premolar at ca 10 years of age). According
to the dentition, the individual was over 8 but not yet 10 years of age.
Because the epidermal layer of skin was missing from the left side
of the body, dissection of tissue for additional analyses was made from
that side, leaving the right side of the body intact for purposes of displaying the "mummy" to the public in the future.
Tissue from the abdominal and lower thoracic regions was collected for radiocarbon determinations, with care being given to the selection of a suitable Quantity of
uncontaminated
samples.
Forty grams of tissue were needed by the University of Michigan Radiocarbon Laboratory to run two tests for dating the
individual, so two 20-gram samples were removed from different regions
of the body.
One sample (M-2258) gave a date of 1960 ! 160 B.P., and
the second sample (M-2259) gave a date of 1920 ! 160 B.P. These dates
are somewhat younger than the youngest of the series already available
for Salts Cave, but indicate that the individual was a member of a Woodland population, rather than earlier Archaic group of people.

Analysis

of Feces and Other Cave Materials

Richard

A. Yarnell

The following analytical
Cave archaeological material.
1. Isolation
from Salts Cave.

and Patty Jo Watson

procedures

and identification

are now underway

of pollen

on the Salts

in the human paleofeces

2. Wet analysis (using ammonium chloride) of food remains in the
Salts Cave and Mammoth Cave paleofeces by botanist Robert B. Stewart,
Sam Houston State University, Huntsville, Texas.
This project will supplement the dry analysis performed earlier by Yarnell on 100 Salts Cave
fecal specimens.
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3. Isolation (by means of water flotation) and identification of
charred plant material from the Vestibule excavations. A preliminary
series of flotation samples from various proveniences in Salts Cave was
processed during fall and winter, 1969. A much longer series was obtained
from Test J during April, 1970.

4. Isolation and identification of parasites in the human paleofeces from Salts and Mammoth Caves, both those from the cave interiors
and that from Little Al's lower intestine. This work is being undertaken
by Miss Elizabeth Dusseau at the University of Michigan School of Public
Health. So far 3 samples have been examined and no parasites found.
SOCIOLOGY, HISTORY AND ECONOMICS PROGRAMS
History of the Peoples and Caves of Flint Ridge, Kentucky
Stanley D. Sides
The purpose of this study is to understand the cultural heritage
of the people who settled and lived on Flint Ridge, and the context in
which they and later cave explorers interrelated with the cave environment to use the caves for recreation and economic gain. The methodology
involves searches of the historic literature of the region, court records, family histories, and names recorded in the caves.
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ACTIVITIES

ADVISORY

WILDERNESS

RESOURCES

OF MAMMOTH

J.K. Davidson

CAVE NATIONAL

PARK

and W.P. Bishop

At the invitation of the National Park Service, the Cave Research
Foundation is preparing a report on the underground resources of Flint
Ridge and Joppa Ridge in Mammoth Cave National Park.
The study began in
late 1969 and has continued through 1970. Two of the major goals of the
report are to recommend uses for these areas and to organize the present
knowledge about them, through cave passage classification,
in a manner
useful for Park management.
The primary problem in cave passage classification has been the
basis for the different classification zones. What is needed is a classification scheme where the passages within each zone have sufficiently
similar properties that the effects of use on one passage in a zone would
be about the same as the effects of that use on another passage in the
same zone. During the course of its study in 1970, the Cave Research
Foundation has developed a passage classification scheme that fulfills
this need.
As the study has progressed, close communication has been maintained
with the Mammoth Cave National Park Master Plan Study Team.
In September,
1970, Dr. William P. Bishop, a Foundation Director, met with the Team to
discuss the contents of the report and the progress made on its preparation.
Also at the invitation of the National Park Service the Cave Research
Foundation was represented at a closed seminar at Carlsbad Caverns National Park in March of 1970. The seminar was called by the Master Plan
Study Team f~r Carlsbad Caverns National Park and Guadalupe Mountains
National Park to assess the opinion of interested individuals and organizations concerning these parks.
The Foundation presented a statement
that pointed out four conclusions regarding the preservation and use of
cave natural resources.
The four conclusions have been reached through
more than thirty years of studies in the Mammoth Cave region.
Most significant of these is the realization that wilderness karst is a necessary
condition for research by cave scientists.
To the extent that the wilderness character of caves is preserved, cave research can proceed and we
can support the enrichment of knowledge about them. A second conclusion
reached
is that the interaction of the various environmental processes-on the surface and underground--is
a complex affair.
Engineering decisions
taken without due consideration of these interactions can cause irrevocable
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damage, and damage that is wholly unexpected. A third conclusion reached
is that karst research has barely begun to unravel the mysteries of these
areas. Research must be planned on a long-term basis, spanning decades,
in order to assess hydrologic and biologic processes. And, fourth, Cave
Research Foundation experience at Mammoth Cave National Park has shown
that the discussion of wilderness--and the application of the Wilderness
Act to caves--can become an exceedingly complicated matter.

INTERPRETATION AT MAMMOTH CAVE NATIONAL PARK
Training Session
T.L. Poulson
In 1970 the Cave Research Foundation operated an interpretive training session for seasonal and permanent staff at Mammoth Cave National
Park. The session lasted for one day and featured classes in geology,
archeology, and biology of the caves, a surface field trip to such features as the sinkhole plain, Woolsey Valley, Turnhole and Cedar Sink,
and a cave field trip into Mammoth Cave.
The session was the first to operate under an Agreement on Interpretation between the NPS and CRF and it was largely financed through funds
the NPS sought and obtained.

Trail Guides
T.L. Poulson
A manuscript is being prepared for an NPS booklet to be used by
visitors on the self-guided tour in Mammoth Cave. It will give a background on the formation of the major caves and relate specific features
in the Historic Section to the general background story. There will be
some 20 interpretive stations and the booklet will use 3-color diagrams.
There will be feature sections, interspersed with the main geological
thread, on archeOlogy and biology.
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OF

MANAGEMENT
CAVE

THE

FOUNDATION

RESEARCH
THE DIRECTORATE

At their meeting in November, Mr. John
Director, replacing Mr. Philip M. Smith who
is a chemist at the Ohio State University.
tion's founding President and has served on
beginning.

P. Freeman was elected a
has resigned. Mr. Freeman
Mr. Smith was the Foundathe Directorate since the

Dr. William P. Bishop was elected Secretary of the Foundation, replacing Thomas L. Poulson, giving Dr. Poulson more time to spend with
the interpretive program. Mr. Freeman has assumed the position of Personnel Officer, replacing Dr. Bishop.
PERSONNEL
During the course of the field operations in 1970, more than 400
man-days were spent in and around Mammoth Cave National Park collecting
data for Foundation projects. This represents more than 4400 man-hours
of work in the data collection alone.
The field operations in Mammoth Cave National Park carried out by
Foundation personnel involved a total of 262 Joint Venturers, many of
whom participated in the 16 field expeditions during the 1970 calendar
year. Biographical data for Foundation Joint Venturers are summarized
in the following tables and lists. Well represented are those with
college educations (88% have or are pursuing a college degree), scientists (61%), educators (24%), and students (34%). Professionals of all
kinds and students make up a large part of the Foundation personnel.
Table III
BIOGRAPHICAL DATA: CRF JOINT VENTURERS
EDUCATIONAL LEVEL:
PhD level (includes MD, etc)
All advanced degrees
All college degrees
Have or are pursuing a degree
HIGHEST DEGREE:
MD, DDS
PhD or equivalent

1968
46
84
167
214
7
39

NUMBER
1969 1970
50
56
100
85
192
197
234
229

1968
18.4
33.6
66.4
85.2

8
48

2.8
15.6

9
41

% OF TOTAL
1969
1970
18.5
21.4
36.9
32.5
70.9
75.2
86.5
87.6
3.3
15.2

3.1
18.3

27

Table III (cont'd)
1968
MA, MS or e'l.ui
valent
38
BA, BS or e'l.ui
valent
83
PhD candidate (some from above)
33
MA/MS candidate (some from above) 18
BA/BS candidate
47
No degree listed or in progress
38

NUMBER
1969 1970
50
46
92
94
37
27
15
22
42
32
37
36

%
1968
15.2
33.2
13.2
7.2
18.8
15.2

OF TOTAL
1969
1970
18.5
17.6
34.0
35.9
13.7
10.3

5.5

8.4

15.5
13.7

12.2
13.8

EDUCATION FIELDS OF JOINT VENTURERS (HIGHEST DEGREE)
Geology (all areas)
Engineering (all areas)
Biology (all areas)
Archeology/Anthropology
Chemistry
Education (all areas)
Medicine/Dentistry
Fine Arts
Economics/Business
Physics
Psychology
Mathematics
Geography

1968 1969 1970
41
44
46
29
31
28
24
26
25
8
21
23
13
18
17
16
11
12
9
11
12
4
10
8

10
6
2
855
344

9
7

6

7
7
4

Philosophy
Foreign Languages
Home Economics
Literature/English
Sociology
Classics
History
Recreation
Speech/Drama
Forestry
Journalism
Library Science
Agriculture
Industrial Arts

1968 1969 1970
544
532
233
135
3
3
3
222

2
2

1
2

1
1

1
1

122
111

322
1

OCCUPATIONS OF JOINT VENTURERS (Categories somewhat arbitrary)
STUDENTS

Graduate--------------------------------------- 48
Undergraduate---------------------------------- 51
High School------------------------------------ 9
TEACHERS
College Professors----------------------------- 29
Public School---------------------------------- 9
SCIENTISTS Administration--------------------------------Research (Senior staff, consultants, etc.)----- 28
Engineer--------------------------------------- 8
Technician------------------------------------- 6
BUSINESS
Executive (Supervisory, purchasing, etc.)------ 5
Businessman (Sales, small business, farmer, etc)16
Accounting/Economics--------------------------MEDICAL
Physicians and Surgeons------------------------ 7
Dentists--------------------------------------Nurses----------------------------------------SERVICES
Library (Executive, etc.)---------------------- 1
Journalism/Writing----------------------------Social Work, YMCA, etc.------------------------ 2
Art/Drafting----------------------------------ARMED SERVICES/PEACE CORPS-------------------------------- 11
OTHER
----------------------------------------------- 18

51
43
8
38
14
22
13
8
6
14
8

1
2
16
22

49
33
7
41
12
2
22
13
10
4
11
2
7
1
1
2
2
3
6
11
26

28

PUBLICATION

S

IN

1970

JOURNAL ARTICLES
Contributed Papers

~.

v40.

Patty Jo \,atson. THE PREHISTORY OF SALTS CAVE, KENTUCKY. Illinois
State Museum Rpt. Investigations No. 16, 86 pp. (1969).
J.F. Quinlan. CENTRAL KENTUCKY KARST.
terranee" No.7, 235-251 (1970).

Etudes et travaux de "Medi-

21.

Elizabeth L. White and William B. White. DYNAMICS OF SEDIMENT
TRANSPORT IN LIMESTONE CAVES. Bull. Natl. Speleol. Soc. lQ,
115-129 (1968).

22.

William B. White, Richard A. Watson, E.R. Pohl, and Roger Brucker.
THE CENTRAL KENTUCKY KARST. Geograph. Rev. 60, 88-115 (1970).

23.

P.M. Smith and R.A. Watson. THE DEVELOPMENT OF THE CAVE RESEARCH
FOUNDATION.
Studies in Speleol. ~, 81-92 (1970).

Supported Papers

~.

Thomas C. Jegla and Thomas L. Poulson. CIRCANNIAN RHYTHMS--I.
REPRODUCTION IN THE CAVE CRAYFISH, ORCONECTES PELLUCIDUS INERMIS.
Compo Biochem. Physiol. 11, 347-355 (1970).

13.

David C. Culver. ANALYSIS OF SIMPLE CAVE COMMUNITIES I.
ISLANDS. Evolution 24, 463-474 (1970).

CAVES AS

14.

John R. Holsinger and David C. Culver. MORPHOLOGICAL VARIATION IN
GAMMARUS MINUS SAY (AMPHIPODA, GAMMARIDAE) WITH EMPHASES ON
SUBTERRANEAN FORMS. Postilla, No. 146, 24 pp. (1970).
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IN GAMMARUS
MINUS SAY (AMPHIPODA, GAMMARIDAE),
WITH
EMPHASIS Ol'l SUBTERRANEAN
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Norfolk, Virginia 23508
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DAVID C. CULVER
Department of Biology, University of Chicago,
Chicago,

Illinois 60637
(U('('cil'('J Nn\'{'lIlhcr 26, /969)

ABSTRACT

Say is a comIllon amphipod ~pecics in ~prings :1tld
caves of limestone areas of the eastern and middlr--castcrn United
States. Samples of populations from the central Appalachians were
examined closely and morphological variation bctWt..:Cll srring and
cave populations was analyzed. TI1is species occurs in three morrholor.i('~" f(,fIllS: a spring fO;Jn, an intcrr:'~d~atc c~\'(' fe'fm 2";(~ ••.::1
extrcnH' cave form, The latter form was termed variety /(,Illlipcs by
sOl11e earlier \vorkcrs bllt has no nomenclatural validity. In c(wtrast
to the spring form, the cave forms show a reduction in cye strucl.urc,
a change in pigmentation of the integument and a proportionate
increase in the length of some of the appendages. It is concluded
that G. mimls is an extremely vagile and highly variable species
that can occupy a vnricty of habitats, rnnging: froIll surface springs
to small or large cave systems in certain karst areas.

Gmlll1laJ"lI.\" millus

Su~nlARY

The

occurrenc("s of "Gammorus 1//;1111S
spinolus StygOllCCICS r:margi~
notus, ar:d Ascllus lin/singeri in 28 ca\'es ill
the Greenbrier Valley of \rest Virginia
were recorded. Those caves that arr -susceptible to ~pring flooding tend to have
fewer species than those that arc more i~olatco. frolll the epig:r<ln cllvironmcn 1. Spring
flooding reflects a rigorous, unstahle environment, bllt a predictahle one. Stochastic
processes are important in controllinrr
the
number of species present in can's; but
raves arc morc than collecting basins for
anilll:lls that get washed ill via subsurface
wafer. Spring flooding reduces the amount
of interaction and my drtta are consistent
with Simberloff's
(1969) non-interactive
equilibrium model of island biogeography
but species interactions may also play;;
role. The caves studied differ from islands
~rimarily in their Jack of area effect and
111 the nature
of the fond input.
The various explanations
of diversity
are dis~lIssed. Interactions \"lith biolo~icai,
encrgctJc, and phy~ir..al aspects of the
eudronmrnt
takt-' pbcl' :-tgaillst a lJackgrqlllld of time and .stoch;l~;tic procCS<;~''::;.
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ABSTIC,C:T
Groundw;\ter
m(l\'inl~ through
m~\tlJrt:I~,'karstcd lilllestolle aquifl'rs
111;1)'c~rry,
in addition 10 a di)~tlhnl load ('xtra<.:I~'d fnJIll .'>(JIlition of the wall rock, clastic
llulI:rial 3." Sl!'>Jll"nded ]tJ.!c! or 3." bedload. All of fhl' insoluble
residucs from the
solution uf the lilllt:SI01W ,llld in sOl11e cas('~_.large quantities (If nuterial frol:1 OVt'f.
lying or :.djacl'l1t c1t!>lic rocks must bl' ILm~p()nt.:d out of closed drainag{' hasins
by ,he action of caw strcams. Portions of lin.: transportl'd material <He deposilt:d
en l"oute 1(1 form thL' riLhly varied dastlc ca\'l' sediments.
AppliclIinn of sfandard
engineering
fOl'lTlu1Je for sediment
tran<;porl
indicate that flows with a thn's!lO!J
velocity on t1w order (If tenths of a foot Pt'f sL'conG arL' nt'Cl'SS:UY to transport
the CO;\l":,..<:,~L'Jil11cn(s. Suspcnded
load i.<' imporl,lIlt in tht, transport of finc sedil11l'n!s hut rccrlircs flows at least in the turhulent
rcgimc. A tcntativc (()!1c1ll~ion
is drawn Ihat clastic IO:ld tn\nsport by LIst-moving water i.<; an integral ran of th •...
dcvelopmL'nt of lllany brst dr;lilugc nl'ls and that extensive uc\'elopmcllt of integratcd drainage nels by percolating waters is unlikely.

THE DEVELOPMENT OF THE
CAVE RESEARCH FOUNDATION
P. M. SMITH

and R. A. WATSON

Past /'rl'sickl1ls

0/

the CorC' Research Fuundation
SUMMARY

The Cl':e Research Foundation was established in the U.S.A. in 1957 to ~lIpp.lrl
c\.p'or:~lIon and research in caves, to as~isl in the interpl"ct:l1ion of cave and bl'.st
fl'atufcs to the publ;!.:: and to aid consl'rvatinn in ca\'es,
Initially work was restricted 10 the Central Kelltucky
Karst.
An outline (If Ihe history of the (,'l:pl(ll":l_
tion of C<l\'esin the :--'1ammolh OI\'C- area of Kentucky from pre-C(.llIllll,i:lil
times to the present-day
is followed by a description ()f til:: org,lnis:lli(lll
('If til..:

CR.F.
t.ody.

and of explor:Hory. cartogr:lphic and scienlilic work c:lnied

(lilt

by tltis

Comp_ Biocltwl. Physjol., 19iO. Vol, 33. pp. 347 to J55. Pergamolf 1'rl'fS. J'rillfed i" Gre,lt fl,irai"

CIRCANNIAN RHYTHMS-I.
REPRODUCTIO;-.;' IN
THE CAVE CI{AYFISH, ORCONECTES PELLUClJ)US
INERM1S*
THOMAS
Departments

C. lEGLA

and THOMAS

L. POULSON

of Biology, 1'31e University. 1"\cw I-lawll, COlln., Hnd Eenyon
Gambier, Ohio

College,

(Rccci,'cd 25 JlIly 1969)
Ahstract-I.
The CH\.C crayfish, Orro1/atcs pclll/cit/lls illcl"mis, has a c:ircannian
rhythm since (a) under constant 1abor:\tOl')' conditions the twcl\'(' animal.;; th~t
lived more than a year continued to show cycles of molt and reproduction
and
(b) the periodicity of the cycles rang('d from 338 to 396 clays and so the indi"idu:lls
deifted (Jut of phase with ench other and the t:alcndnr Yl'ar.
2. Field cvidence suggests that some CH:nt associah.d with heavy run-off
from surface precipitation triggers C'gg-laying and synch;-onizes the intli\'iduals'
circ..'1Tmian rhythms ill the cm'c,

